D
ELIRIUM is a significant health care problem for older adults. Inadequate hydration has been linked to delirium in hospital-based studies (1, 2) , but these reports identify hydration problems after the onset of symptoms of delirium. Dehydration has been insufficiently identified as a prognostic indicator in elders. Warren and colleagues found that approximately 50% of elderly Medicare beneficiaries hospitalized with dehydration died within 1 year of admission (3) . The literature is sparse on epidemiological investigations of delirium from long-term care (LTC) settings, usually based on using a secondary data analysis approach with the Minimum Data Sets (MDS). Estimates of delirium prevalence in LTC based on the MDS range from 14% to 23% (4, 5) . There are also no prior investigations of using Bioelectrical Impedance Analysis (BIA) as a predictor of delirium in nursing home residents.
Delirium is characterized by an acute onset of symptoms with a fluctuating course, an altered level of consciousness, and disturbances in orientation, memory, attention, thought, behavior, and the sleep-wake cycle, with specific physiologic factors underlying the problem (6, 7) . Hydration status and fluid intake have historically been problems among LTC elders (8, 9 ), yet most investigations in LTC are limited to secondary data sources when measuring delirium (5, 10, 11) and not actual clinical observations. The primary purpose of this study was to conduct an intensive surveillance for delirium in older residents of rural LTC facilities in order to estimate the risk associated with changes in fluid compartment estimates derived from BIA measures and other hydration parameters of physiological significance. Since laboratory resources and geropsychiatric consultation for delirium are frequently lacking in rural communities, there is a need for a multicenter epidemiological study to assess risk factors for this disorder in these settings.
METHODS

Design and Sample
This study used a longitudinal design. No diagnostic information about delirium symptoms was known to investigators at the start of follow-up; exposure was ascertained at baseline with the first BIA and set of serum measures. The basic design of the cohort is displayed in Figure 1 . Data collection was conducted in two phases over a 28-day period for each participant. All cognitive testing and BIA measures were taken by trained registered nurse research assistants working for the investigators. Their training included over 80 hours in delirium symptom presentation and instrument use.
Phase I consisted of a 14-day intensive surveillance for delirium, with delirium screenings completed three times per day. Phase II surveillance consisted of one screening per day for an additional 14 days. Measures were taken at baseline and follow-up days 7, 14, and 28 for body weight (WT), total body water (TBW), intracellular water (ICW), and extracellular water (ICW). Phase II surveillance (i.e., decreased delirium screening frequency) was implemented due to an increase in response burden evidenced by participant complaints from our earlier pilot work (12) .
A two-stage cluster sampling approach was used in selecting the sample. The first stage was to randomly select 6 of 15 rural counties in southeast Iowa. Counties were included in the catchment area if they had a population under 40,000. A total sampling frame of 45 LTC facilities with operating capacity of 3554 beds served was obtained. The second stage was based on facility size; half of the participating facilities contained 75 beds or fewer and half had more than 75 beds. Thirteen facilities participated from the 6 counties, and participants were randomly selected based on these criteria: Participants with dementia were admitted to the study, provided they met all the criteria, but some persons with severe dementia were excluded by item 1 (above). Dementia status was determined by the primary care provider, and we abstracted the diagnosis from medical records. All protocols were reviewed by the University of Iowa Institutional Review Board (IRB), and consent was obtained from either the participant or his or her legal custodian as appropriate.
Delirium Screening
In order to confirm the accuracy of the delirium case assignment, each participant was coded as a delirium case if they met all of the following 4 previously described conditions: 1) NEECHAM (13) score less than 25; 2) a Mini-Mental Status Examination (MMSE) (12) at time of suspected delirium below the baseline MMSE score; 3) Vigilance ''A'' score (14) greater than 2; and 4) a Confusion Assessment Method (CAM) (15) positive rating. If these four criteria were met, the person was coded as a delirium screen positive.
Instruments
The NEECHAM Confusion Scale is a 9-item interpretive instrument designed for rapid and unobtrusive assessment that covers 13 of the possible 17 DSM-IV (Diagnostic and Statistical Manual of Mental Disorders, 4th edition) criteria for delirium. High internal consistency (0.90) and interrater reliability (0.96 to 0.99) have been established in both acute care and LTC (13, 16) . The NEECHAM total score ranges from 0-30; a score of 24 or less indicates possible delirium.
For measuring attention, the Vigilance ''A'' test was used; this consists of a series of 60 letters read to the participant, who indicates when the letter ''A'' is spoken by the research nurse. This test measures concentration and sustained attention; two or more errors are considered abnormal (14, 17) .
The CAM and MMSE are widely recognized instruments in the gerontology literature; a complete description of the reliability and validity of these instruments can be found elsewhere (12, 18) . The CAM (15) , which consists of nine operationalized criteria for delirium derived from the DSM-III (19) , is considered to be an effective screening tool for delirium (20) .
Serum electrolyte levels were drawn at baseline and analyzed at a central laboratory. Serum chemistries were analyzed with the Cobas Integra 700 Clinical Chemistry Analyzer (Roches Diagnostics, Indianapolis, IN).
Urine specific gravity (SG) has a limited value in predicting hydration status due to the inability of elders to concentrate urine, but it was included in the data set so that it could be compared with other hydration indices. Urinary tract infection (UTI) was coded as present if the urine white blood cell (WBC) count was greater than or equal to 500 leukocytes l/L.
A single-frequency Bioelectrical Impedance Analysis (BIA) instrument, the RJL Systems Quantum II (Clinton Township, MI) was used to measure total body water as a percent of body weight (TBW%WT), intracellular water as a percent of body weight (ICW%WT), and extracellular water as a percent of body weight (ECW%WT) (21, 22) . The technology is relatively simple and noninvasive, suitable for environments like rural nursing home facilities when serum electrolyte analyses in a medical laboratory are not immediately available. BIA measurements were taken at least 2 hours after meals and at least 6 hours after diuretic therapy doses. All participants were in a supine position with their arms and legs abducted at a 358 to 458 angle from the trunk of the body.
RESULTS
There were 69 participants with delirium (22.0%) in the sample (n ¼ 313), based on the previously described screening algorithm. A participant was considered a delirium ''case'' if he or she experienced a delirium event during the period of follow-up. The mean age for the total sample was 86.1 years (SD [standard deviation] ¼ 7.17). Men represented 23.6% (n ¼ 74) of the sample and women represented Key hydration indices risk variables are displayed in Table  1 . A BUN/CR ratio greater than 21 was significant for delirium (p , .05). Serum sodium levels were slightly higher in delirium cases (mean ¼ 138.8 mEq, SD ¼ 4.0) compared with noncases (mean ¼ 138.6 mEq, SD ¼ 3.2) but were not statistically significant. Serum chloride, potassium, and calcium levels were not significantly different between cases and noncases. Blood pressure, heart rate, and temperature were also not significantly different between those with delirium and those without. We did not find any significant differences between delirium cases and noncases for urine SG or postvoid residual urinary bladder ultrasound volumes.
76.4% (n ¼
Hematocrit was higher in delirium participants (mean ¼ 38.2%, SD ¼ 4.5) compared with those without delirium (mean ¼ 38.0%, SD ¼ 4.6). This may have represented hemoconcentration due to fluid loss.
Repeat Measures (Serum Electrolytes and BIA)
We entered all four BIA values and conducted a repeated measures analysis of covariance by delirium status. The main effect for delirium was not significant in all of the models, although the overall model was significant. For example, the Wilk's lambda value for ECW%WT was .966 with a calculated F value ¼ 3.04, df ¼ 3, p ¼ .029. For ICW%WT, the Wilk's lambda value was .969 with a calculated F value ¼ 2.78, df ¼ 3, p ¼ .041. For ICW%WT, the F value was 2.87 (df ¼ 3, p ¼ .04). Post hoc tests using orthogonal contrasts revealed lower ICW%WT on day 14 compared to day 7 (a drop from mean ¼ 49.5%, SD ¼ 4.3 to mean 48.8, SD ¼ 3.6). This finding corresponded to the occurrence of 34 participants (49.3%) with delirium events between days 7 and 14. Summary comparisons of BIA measures and estimated ORs by gender are displayed in Table 2 .
DISCUSSION
This study found a 22.0% period prevalence for delirium under vigorous clinical surveillance protocols across 13 LTC facilities in a rural catchment area. The four clinical criteria used for the recognition of delirium are as close to expert geropsychiatric consultation at the bedside as possible; however, we maintain that these are delirium screenings and not diagnostic assessments. Since there are no large-scale investigations of delirium prevalence in LTC based on clinical research methods, it is difficult to compare the estimate in this report with other findings. Mentes and colleagues (5) found a 13.98% prevalence in a secondary data analysis for LTC using the MDS. The variability between the work reported here and Mentes' work may be due to our protocol and under-reporting in the MDS used by Mentes.
Delirium participants did have higher BUN/CR ratios compared with those without delirium, but no other differences on any of the other hydration indices were found. There was an attempt to identify dementia patients with superimposed delirium in these protocols, but we feel that severely demented patients do not screen well with the CAM and may have been excluded from the sample due to not being able to read or write English. This was purposeful, as a number of our screening tests require this ability and a special investigation of dementia and delirium is a topic for further investigation.
Instrumentation in delirium studies is an important consideration, and requiring positive scores on four tools to detect delirium may have been too strict in this study, thus deflating the true prevalence. Marcantonio and colleagues (23) used a CAM-only case method to detect delirium in a hospital study, but maintained that use of only one instrument for case detection may have limitations as well. Others rely on clinical interpretation or a previous version of the DSM. This variability in detection methods makes comparisons difficult across studies. Also, those investigations with a hospital sample where participants experience multiple physiological challenges cannot be expected to match our estimate from a generally healthy and stable LTC sample.
An increased BUN/CR ratio of greater than 21:1 was found to increase risk for delirium; however, there were no statistically significant findings for the body fluid compartments as estimated by the BIA measures nor was this validated with serum sodium levels. Some changes were observed with a slight decrease in ICW%WT between day 7 and day 14 of follow-up that tended to follow an increase in delirium events, but, in general, the BIA measures did not predict delirium.
ICW volume deficits have been known to increase the likelihood of confusional states in elders (24) , but this may be due to hospitalized delirium cases having more acute changes in fluid volume levels. While the Mentes and colleagues (5) study demonstrated that inadequate fluid intake was a contributing factor to delirium in LTC settings, few other studies have investigated this link.
Changes in hematocrit might be used as an indicator of hydration status, but in reality these changes represent a fluctuation in plasma volume and not in TBW (25) . Serum sodium concentration and plasma osmolarity have also been used to evaluate hydration status in elders, but these measures have proved to be unreliable in stimulating thirst in older adults (26) . It is quite possible that altered hydration is either a contributor to or a result of the confusional state, or that there is not a hydration-related change in cognition at all, but rather the delirium event is caused by infection, hypoxemia, medication toxicity, or some other metabolic etiology (27) .
Fluid balance disruption (i.e., altered ICW, ECW, and TBW levels) and delirium onset, as manifested by a change in body fluid compartment, was not supported by the BIA readings in this LTC sample. This may be due to the timing of the readings in our protocols. For example, waiting longer than 2 hours after a meal or distancing the BIA measurements longer than 6 hours from a diuretic dose administration time were possible sources of error. It is not possible to describe completely here, but every feasible attempt was made to obtain these measurements without disrupting care regimens in the host facilities. In any case, the systematic physiologic measures for estimating hydration are unparalleled when compared to intake and output records, which are notoriously inaccurate (28) . A multifrequency BIA instrument also might have improved accuracy; however, given the complexity of our cognitive screening, we sided with the simpler technology for ease of use by our research assistants and for better acceptance by elderly participants.
There are several limitations in this study, most notably the lack of inclusion for severely demented patients and the difficulty in differentiating new delirium symptoms from preexisting delirium cases. There is a serious gap in instrument development for detecting delirium in persons with severe dementia, our protocol was not designed to be used with persons who were not able to read and write English, so dementia patients were underrepresented here. Indeed, what we interpreted as a new delirium event may represent a continuation of the first symptoms observed. Additionally, we may not have been justified using a ''rural'' sample here, although the premise that these LTC elders are further distanced from geropsychiatric care providers than urban elders does seem to be a worthy assumption. It has been suggested that rural nursing home residents have more health problems than do their urban cohorts (29) , but there is no clear consensus. A direct comparison between urban and rural LTC elders using identical case-detection methods would be needed to resolve this issue.
